It is demonstrated that the stimulated Raman scattering in optical fibers supports kink solitons (shocks) not only in the recently considered case of anomalous dispersion but also in the normal-dispersion regime. In both cases there is a family of the kinks depending on an arbitrary (positive) wave number of the carrying wave. Although all the kinks are unstable because of the inherent instability of the cw background behind them, in the normaldispersion regime the instability, induced solely by the stimulated Raman scattering, is essentially weaker than that in the case of anomalous dispersion.
As is well known, propagation of short pulses in optical fibers is governed by the nonlinear Schr6dinger (NLS) equation.1,2 However, several higher-order effects become important for femtosecond optical pulses. The pulse evolution is described by the generalized NLS equation, which includes these higher-order effects through additional terms that represent the effects of the third-order dispersion, self-steepening, and the stimulated Raman scattering (SRS). The SRS is among the most important nonlinear interactions that occur in optical fibers. ' Recently, optical shock waves (kink solitons) have been predicted and analyzed in models of the nonlinear pulse propagation in optical fibers including the term accounting for the SRS effect (see Refs. [3] [4] [5] .
In Ref. 3 , the shock was propagating on top of a cw in the normal-dispersion regime, the difference of the cw amplitudes in front of and behind the shock being small in comparison with the mean cw amplitude. In Ref. 5, the shock was propagating in the regime of anomalous dispersion, the amplitude of the cw in front of the shock being considered to be zero, so that this class of localized solutions is called kinks. In Ref. 4 , the shock wave in a dispersionless model of two copropagating waves, coupled through the cross-phase modulation and the Raman-induced energy exchange, was investigated. In all the cases considered, the SRS prevented the existence of the usual optical solitons (bright or dark ones), and, instead, it supported the shock waves. As for the practical applications, it seems plausible that the kinks could be used as an alternative to the usual solitons in optical logic units when, due to an energy input and system losses, the proper soliton pulses cannot exist as stable objects.
The purpose of this Letter is to demonstrate that the shock waves (kink solitons) may also exist in the normal-dispersion regime. The important point is that, as a matter of fact, kinks of all types are unstable, since the background cw with a nonzero amplitude proves to be always modulationally unstable. In the case of anomalous dispersion, this is the usual Benjamin-Feir instability (see Ref. 1) ; in the normal-dispersion regime, the instability is produced by the SRS effect. 6 However, if the SRS effect is sufficiently weak (see below), the normal-dispersion kink solitons predicted below are less unstable, and they may therefore be better for applications.
The shock waves are governed by kink solutions of the NLS equation for the dimensionless envelope u(6, r) of the electromagnetic wave, including the SRS term,
aT (1) where the retarded time r and the spatial variable e are normalized by the width and the peak power of the pulse and the parameter rR governs the effects of intrapulse SRS and is related to the slope of the Raman gain spectrum near the carrier frequency (see the notation introduced in Ref. 
The equation for the function F(r) following from the substitution of Eq. (2) into Eq. (1) is
and it can also be rewritten in the form As was mentioned above, the kink soliton supported by the interplay of the anomalous dispersion and the SRS effect is going to be strongly unstable since the cw state behind the kink is subject to the Benjamin-Feir instability. We believe that it is exactly this kind of instability that was observed in the numerical simulations of Ref. 5 . However, in the case of normal dispersion, the instability also exists, but it is produced by the SRS effect. 6 For K > 0 the potential U(F) always admits a kink trajectory, i.e., that connecting the local maximum and minimum [see Figs. 1(a) and 1(b) ]. In the case of the anomalous dispersion (a = +1), the effective friction is negative, and the kink corresponds to a trajectory ascending to the top of the potential hill from the bottom of either well [ Fig. 1(a) ]. In the opposite case (o-= -1), the friction is positive, and the kink trajectory falls down from either hill to the bottom of the potential well [see Fig. 1(b) ]. In the former case the kink profile may be oscillating or nonoscillating. Indeed, expanding Eq. (3) near one of the asymptotic values F 0 = ± +KK, we obtain the linear equation for the small deviation 8F F -Fo:
This equation yields a solution of the form 8F-exp(fr) with the instability growth rate F = 2rRK ± 2K(TR 2 K -1). (5) The result of Eq. (5) means that the tail of the kink near the value F 0 (at X ---co) is monotonous provided that K > TR-2, and it is oscillating in the opposite case (Fig. 2) . In the particular case K = (9/8)TR-2 , the kink shape for the case a= ±1 has been found in an explicit form by Agrawal and Headley, 5 and this solution is obviously monotonic. The same consideration for the case of normal dispersion demonstrates that, in this case, all the kinks of this type have only oscillating tails that are transformed into a small-amplitude wave (see Fig. 3 ). (6) and (7), one immediately notes that the growth rate is always smaller, at the same values of wi and K, for -= -1 than for -= + 1.
Thus, the kink supported by the SRS in the case of normal dispersion, being less unstable, has a better chance to be observed in finite-length fibers.
In relation to the instability results, we note that it might also be relevant to look for other mechanisms, neglected in deriving Eq. (1), that could remove the SRS-induced instability and thus support the stable kink propagation in fibers. The solutions analyzed above may easily be extended to cover moving kink solitons. Looking for shocks in the form
we obtain the relation W = a-l and the same Eq. (3) with K = q + W 2 for the function F(r'), where T' = r -We. This means that the analysis presented above also includes the case of moving kinks, and all the results obtained are valid for this case too.
In Ref. 5, additional terms, accounting for the selfsteepening and for the higher dispersion, were also taken into account in Eq. (1). However, effects produced by those terms do not seem to alter qualitatively properties of the shock waves following from our analysis, therefore they have been omitted in the analysis developed above.
In fact, the instability of the cw induced by the Benjamin-Feir mechanism and/or by the SRS effect implies that all the optical kink solitons should be unstable. Examples are shock waves propagating on a nonzero pedestal 3 and bound states of bright and dark solitons in the system of pump and Stokes waves couples by the Raman energy exchange.
Finally, it is relevant to mention here that the kink solitons discussed in the present Letter are, in fact, a particular case of more general localized solutions with nonequal asymptotic values at r -± cc, and when one of the asymptotic values tends to zero, such a solution recovers a kink soliton. Recently, a rather wide class of such localized solutions was analyzed, 8 and the similarity of the solutions to the so-called double layers in plasmas should be noted.
In conclusion, we have demonstrated that the SRS may support kink solitons (shock waves) for both anomalous-and normal-dispersion regimes. We have proved that the kink solitons form a family of solutions depending on an arbitrary wave number K > 0, the solution recently found by Agrawal and Headley, 5 which admits an analytical expression, being a particular case at K = (9/8)TRR 2 .
We have also pointed out that all these kinds of kinks are, strictly speaking, unstable owing to instability of their cw backgrounds, but the SRSinduced instability in the normal-dispersion regime is essentially weaker than the modulational instability in the case of the anomalous dispersion.
